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EMISSIONS COMPLIANCE STUDY 
 

 
1.0 INTRODUCTION 

TRC  Environmental Corporation  (TRC) performed  a particulate matter  (PM),  lead  (Pb) 
and  visible  emissions  (VE)  compliance  test  program  on  the  exhaust  stacks  associated 
with  the  Induction Melt  Furnaces  (EU29,  EU30,  and  EU31)  at  the  foundry  of  Elkhart 
Brass Manufacturing Company, Inc. (Elkhart Brass) in Elkhart, Indiana on May 11, 2016. 
The tests were authorized by and performed for Elkhart Brass. 
 
The purpose of this test program was  in response to a Request to Provide  Information 
Pursuant  to  the  Clean  Air  Act  (Request)  from  the  United  States  Environmental 
Protection  Agency  Region  5  (USEPA),  dated  September  17,  2015.  The  test  program, 
conducted  according  to  the  TRC  Test  Protocol  253282  dated  May  2,  2016,  was 
performed  in  order  to  determine  particulate,  lead  and  visible  emission  rates  during 
maximum operating conditions.   
 
1.1 Project Contact Information 
 

Participants 

Test Facility  Elkhart Brass Manufacturing Company, Inc.
Elkhart Foundry 
1302 West Beardsley Ave. 
Elkhart, Indiana 46514 

Mr. Dennis Grenier 
574‐970‐7666 (phone) 
574‐274‐8950 (cell) 
dgrenier@elkhartbrass.com 

Air Emissions 
Testing Body (AETB) 

TRC Environmental Corporation
2025 Beltline Ave. SE 
Suite 402 
Grand Rapids, MI 49546 

Mr. Ben Lemley, PE 
Project Engineer 
201‐636‐5885 (phone) 
616‐975‐1098 (fax) 
blemley@trcsolutions.com 

TRC Environmental Corporation
7521 Brush Hill Road 
Burr Ridge, Illinois 60527 

Mr. Paul Coleman 
Project Manager 
312‐533‐2023 (phone) 
312‐533‐2070 (fax) 
pcoleman@trcsolutions.com 

 
The  tests were  conducted  by  Ben  Cacao, Greg  Rock,  Ricardo Nunez,  Johnathan  Kell, 
Rome  Rothgeb,  Gavin  Lewis,  Ryan  Novosal,  Cameron  Dillion,  Bill  Harris  and  Paul 
Coleman of TRC. Documentation of  the on‐site ASTM D7036‐04 Qualified  Individual(s) 
(QI) can be located in the appendix to this report. 
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1.2 Facility and Process Description 
Elkhart  Brass  operates  a  brass  and  aluminum  firefighting  equipment manufacturing 
source  located at 1302 West Beardsley Avenue, Elkhart,  Indiana.  The source operates 
under  Significant  Permit  Revision No. M039‐30851‐00072  to Minor  Source Operating 
Permit (MSOP) No. 039‐22655‐0072 issued by the Indiana Department of Environmental 
Management (IDEM) on January 4, 2012.  This test program to determine lead, filterable 
particulate matter and opacity was performed simultaneously at the three (3) exhaust 
stacks associated with the three Induction Melt Furnaces (EU29, EU30, and EU31). 
 
1.3 Process Data 
Appendix B of the Request states that testing was to be conducted while operating the 
melt  furnaces  at maximum  production  rates  identified  as  a minimum  of  95%  of  the 
capacity of  the unit.  Per  Section D.4(e) of  the MSOP Elkhart  is permitted  to operate 
three  induction melt furnaces (EU29, EU30, and EU31) with a capacity of 2.25 tons per 
hour each.  However, Elkhart generally operates only  two of  the  furnaces at any one 
time due to limited electrical availability.  Further, the maximum operating capability of 
the  furnaces as currently  installed, accounting  for use of the alloy with the worst case 
lead  content,  is estimated  to be 1.5  tons per hour each.  As planned, during  this  test 
program Elkhart operated the melt and mold lines so that the furnaces were not idle at 
any  point  and molds would  be  available  to  be  poured  at  all  times.   The  table  below 
outlines  the  production  data  collected  during  the  test.    Scans  of  original  data  sheets 
from the test day are included in the appendix. 
 

Test 
Sample Time 

(min) 

Production Rate 

(lb brass/test) 

Production Rate 

(ton brass/hour) 

1  120  7,300  1.83 

2  120  9,697  2.42 

3  120  10,343  2.59 

Average  120  9,113  2.28 

 
Note  that  all  throughput  during  the  test  consisted  of  the  proposed worst  case  alloy, 
C83600.  The specifications for the alloy are included in the appendix. 
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2.0 SUMMARY OF RESULTS 

The results of this test program are summarized in the table below.  Detailed individual 
run results are presented in Section 6.0.   
 

Unit ID 
Pollutant             
Tested 

Total Measured Emissions 
Permitted 

Emission Limit1Run 1  Run 2  Run 3  Average 

Induction Melt 
Furnaces   

(EU29, EU30, 
and EU31) 

Filterable PM lb/hour 0.93  1.11  1.12  1.05  14.12 

Filerable PM lb/ton  0.51  0.46  0.43  0.47  ‐‐‐ 

Lead lb/hour  0.067  0.062  0.042  0.057  ‐‐‐ 

Lead lb/ton  0.037  0.026  0.016  0.026  ‐‐‐ 

1. Permit limit of 7.06 lb/hr for each  furnace listed in MSOP No. 039‐22655‐0072, accounting for two furnaces 
operating during testing.  

 

Unit ID 
Pollutant             
Tested 

Visible Emission  

Melt 1 Stack  Melt 2 Stack  Tap Hood Stack 

Induction Melt Furnaces   
(EU29, EU30, and EU31) 

Opacity               
Maximum   6‐Minute 

Average (%) 
0.0  0.0  0.0 

 

The table below summarizes the test methods used, as well as the number and duration 
of each at each test location: 
 

Unit ID/ 
Sample 
Location 

Emission Point 
Parameter 
Measured 

Test Method 
No. of 
Runs 

Run 
Duration 
(min) 

Induction Melt 
Furnaces   

(EU29, EU30, 
and EU31) 

Melt 1 Stack,     
Melt 2 Stack,      

Tap Hood Stack 
(sampled 

simultaneously) 

Filerable PM 
USEPA 1, 2, 3, and 5, 
40CFR60, Appendix A 

3  120 

Lead (Pb) 
USEPA 12, 40CFR60, 

Appendix A 
3  120 

Visible 
Emissions 

USEPA 9, 40CFR60, 
Appendix A 

3  60 
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3.0 DISCUSSION OF RESULTS 

No problems were encountered with  the  testing equipment during  the  test program. 
Source  operation  appeared  normal  during  the  entire  test  program.  No  changes  or 
problems were encountered that required modification of any procedures presented in 
the test plan.     No adverse test or environmental conditions were encountered during 
the conduct of this test program.  
 

4.0 SAMPLING AND ANALYSIS PROCEDURES 

All  testing, sampling, analytical, and calibration procedures used  for  this  test program 
were performed  in accordance with  the methods presented  in  the  following  sections. 
Where  applicable,  the  Quality  Assurance  Handbook  for  Air  Pollution  Measurement 
Systems,  Volume  III,  Stationary  Source  Specific  Methods,  USEPA  600/R‐94/038c, 
September 1994 was used to supplement procedures. 
 
4.1 Determination of Sample Point Locations by USEPA Method 1 
This method  is  applicable  to  gas  streams  flowing  in  ducts,  stacks,  and  flues  and  is 
designed to aid in the representative measurement of pollutant emissions and/or total 
volumetric  flow  rates  from  stationary  sources.  In  order  to  qualify  as  an  acceptable 
sample  location,  it must be  located at a position at  least  two stack or duct equivalent 
diameters  downstream  and  a  half  equivalent  diameter  upstream  from  any  flow 
disturbance. 
 
The cross‐section of  the measurement site was divided  into a number of equal areas, 
and  the  traverse points were  then  located  in  the center of  these areas. The minimum 
number of points were determined from Figure 1‐1 (particulate) of USEPA Method 1.  
 
4.2 Volumetric Flow Rate Determination by USEPA Method 2 
This  method  is  applicable  for  the  determination  of  the  average  velocity  and  the 
volumetric flow rate of a gas stream. 
 

The gas velocity head (P) and temperature were measured at traverse points defined 
by USEPA Method 1.   The velocity head was measured with a Type S  (Stausscheibe or 
reverse  type)  pitot  tube  and  oil‐filled  manometer;  and  the  gas  temperature  was 
measured  with  a  Type  K  thermocouple.    The  average  gas  velocity  in  the  flue  was 
calculated based on:   the gas density (as determined by USEPA Methods 3 and 4); the 
flue gas pressure; the average of the square roots of the velocity heads at each traverse 
point, and the average flue gas temperature. 
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4.3 CO2 and O2 Determination by USEPA Method 3 
This method  is applicable  for the determination of CO2 and O2 concentrations and dry 
molecular weight of a  sample  from an effluent gas  stream of a  fossil‐fuel combustion 
process or other process. 
 
Gas samples were extracted from each stack by single‐point, grab sampling and the gas 
samples analyzed for percent CO2 and percent O2 using a Fyrite. 
 
4.4 Filterable PM Determination by USEPA Method 5 
This  method  is  applicable  for  the  determination  of  PM  emissions  from  stationary 
sources.  USEPA Methods 2‐4 were performed concurrently with, and as an integral part 
of, these determinations. 
 
Flue gas was withdrawn isokinetically from the source at traverse points determined per 
USEPA Method 1, and PM was collected  in the nozzle, probe  liner, and on a glass fiber 
filter.  The probe liner and filter were maintained at a temperature of 120 ± 14°C (248 ± 
25°F) or such other temperature as specified by an applicable subpart of the standards 
or  approved  by  the  Administrator  for  a  particular  application.    The  PM mass, which 
included  any  material  that  condensed  at  or  above  the  filtration  temperature,  was 
determined gravimetrically after the removal of uncombined water. 
 
4.5 Visible Emissions Determination by USEPA Method 9 
This  method  is  applicable  for  the  determination  of  the  opacity  of  emissions  from 
stationary  sources  pursuant  to  §  60.11(b)  and  for  visually  determining  opacity  of 
emissions. 
 
Opacity observations were made by a qualified observer.  Observations were made at the 
point of greatest opacity in the portion of the plume where condensed water vapor was 
not present.  Observations were made at 15‐second intervals for the duration of the test 
period. 
 
4.6 Lead Determination by USEPA Method 12 
This method  is applicable  for  the determination of  inorganic  lead  (Pb) emissions  from 
stationary sources, only as specified in an applicable subpart of the regulations.  USEPA 
Methods  2‐4  were  performed  concurrently  with,  and  as  an  integral  part  of  these 
determinations. 
 
Flue gas was withdrawn  isokinetically  from each source at  traverse points determined 
per USEPA Method  1.    Particle‐bound  and  gaseous  Pb were  collected  in  the  nozzle, 
probe  liner,  filter, and  impingers containing a solution of dilute nitric acid.   The probe 
liner  and  filter were maintained  at  a  temperature  of  120  ±  14°C  (248  ±  25°F).    The 
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collected samples were digested and analyzed via atomic absorption spectrophotometry 
using an air/acetylene flame. 
 

5.0 QUALITY ASSURANCE PROCEDURES 

TRC integrates our Quality Management System (QMS) into every aspect of our testing 
service.   We  follow  the procedures  specified  in current published versions of  the  test 
Method(s)  referenced  in  this  report.   Any modifications  or  deviations  are  specifically 
identified in the body of the report. We routinely participate in independent, third party 
audits of our activities, and maintain:   
 

 Accreditation  from  the  Louisiana  Environmental  Laboratory  Accreditation 
Program (LELAP); 

 Accreditation  from  the  Stack  Testing  Accreditation  Council  (STAC)  and  the 
American  Association  for  Laboratory  Accreditation  (A2LA)  that  our  operations 
conform with the requirements of ASTM D 7036 as an Air Emission Testing Body 
(AETB). 

 
These  accreditations  demonstrate  that  our  systems  for  training,  equipment 
maintenance  and  calibration,  document  control  and  project  management  will  fully 
ensure that project objectives are achieved in a timely and efficient manner with a strict 
commitment to quality.   
 
All calibrations are performed  in accordance with  the  test Method(s)  identified  in  this 
report.    If  a Method  allows  for more  than  one  calibration  approach,  or  if  approved 
alternatives  are  available,  the  calibration  documentation  in  the  appendices  specifies 
which  approach was used.   All measurement devices  are  calibrated or  verified  at  set 
intervals  against  standards  traceable  to  the  National  Institute  of  Standards  and 
Technology (NIST).   NIST traceability information is available upon request.   
 
ASTM  D7036‐04  specifies  that:    “AETBs  shall  have  and  shall  apply  procedures  for 
estimating  the  uncertainty  of measurement.    Conformance with  this  section may  be 
demonstrated by the use of approved test protocols for all tests.   When such protocols 
are  used,  reference  shall  be  made  to  published  literature,  when  available,  where 
estimates  of  uncertainty  for  test methods may  be  found.”    TRC  conforms  with  this 
section by using approved test protocols for all tests. 
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6.0 TEST RESULTS SUMMARY 

 
 

 
 
 
 
   

Run 1 Run 2 Run 3 Average

7:20 - 10:30 11:30 - 13:40 14:40 - 16:55

Location Unit

Melt 1 Stack 0.36 0.40 0.35 0.37

Melt 2 Stack 0.18 0.29 0.29 0.25

Tap Hood Stack 0.39 0.42 0.48 0.43

Total  lb/hr 0.93 1.11 1.12 1.05

Brass Alloy Throughput ton/hr 1.83 2.42 2.59 ---

Total lb/ton 0.51 0.46 0.43 0.47

Run 1 Run 2 Run 3 Average

7:20 - 10:30 11:30 - 13:40 14:40 - 16:55

Location Unit

Melt 1 Stack 0.029 0.023 0.013 0.022

Melt 2 Stack 0.013 0.019 0.014 0.015

Tap Hood Stack 0.026 0.019 0.015 0.020

Total lb/hr 0.067 0.062 0.042 0.057

Brass Alloy Throughput ton/hr 1.83 2.42 2.59 ---

Total lb/ton 0.037 0.026 0.016 0.026

Time

Elkhart Brass Manufacturing Company, Inc.

Elkhart, Indiana

May 11, 2016

Particulate Test Results Summary

Run #

Time

lb/hr

lb/hr

Lead Test Results Summary

Run #
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Company:

Plant:

Unit:

Location:

Test Run Number 1 2 3 Average

Source Condition Normal Normal Normal

Date 5/11/2016 5/11/2016 5/11/2016

Start Time 7:20 11:30 14:40

End Time 10:30 13:40 16:55

Sample Duration (min): 120.0 120.0 120.0

Average Gas Temp, Ts, (
oF): 74.0 81.4 84.1 79.8

Fractional Gas Moisture Content, Bws: 0.015 0.017 0.020 0.017

Gas CO2 Content (%vol): 0.0 0.0 0.0 0.0

Gas O2 Content (%vol): 20.9 20.9 20.9 20.9

Gas Wet MW, Ms, (lb/lbmole-mole): 28.68 28.65 28.62 28.65

Average Gas Velocty, Vs, (ft/sec): 24.70 24.80 24.51 24.67

 Q (actual ft3/min): 6,281 6,306 6,232 6,273

 Qstd (std ft3/min): 6,052 5,990 5,891 5,978

 Qstd(dry) (dry std ft3/min): 5,963 5,890 5,773 5,875

Sample Volume, Vm(std), (dry std ft3): 77.348 78.497 76.815 77.553

PM Collected, mn, (mg):

  Filterable 35.10 40.00 35.10 36.73

PM Concentration, Cs, (gr/dscf):

  Filterable 0.0070 0.0079 0.0071 0.0073

PM Emission Rate, ERM2, (lb/hr based on measured volumetric flow rate):

  Filterable: 0.36 0.40 0.35 0.37

Isokinetic Variance (I) 95.9 98.6 98.4 97.6

Opacity (maximum 6-Min average) (%): 0.0 0.0 0.0 0.0

Stack

PARTICULATE TEST RESULTS SUMMARY

Measured Volumetric Flow Rate

Elkhart Brass

Elkhart, IN

Melt 1
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Company:

Plant:

Unit:

Location:

Test Run Number 1 2 3 Average

Source Condition Normal Normal Normal

Date 5/11/2016 5/11/2016 5/11/2016

Start Time 7:20 11:30 14:40

End Time 10:30 13:40 16:55

Sample Duration (min): 120.0 120.0 120.0

Average Gas Temp, Ts, (
oF): 71.6 80.3 82.0 78.0

Fractional Gas Moisture Content, Bws: 0.011 0.011 0.012 0.011

Gas CO2 Content (%vol): 0.0 0.0 0.0 0.0

Gas O2 Content (%vol): 20.9 20.9 20.9 20.9

Gas Wet MW, Ms, (lb/lbmole-mole): 28.71 28.72 28.71 28.71

Average Gas Velocty, Vs, (ft/sec): 27.23 29.07 28.73 28.34

 Q (actual ft3/min): 6,925 7,391 7,306 7,207

 Qstd (std ft3/min): 6,703 7,045 6,942 6,897

 Qstd(dry) (dry std ft3/min): 6,628 6,968 6,861 6,819

Sample Volume, Vm(std), (dry std ft3): 93.986 98.651 97.202 96.613

PM Collected, mn, (mg):

  Filterable 19.80 30.90 30.70 27.13

PM Concentration, Cs, (gr/dscf):

  Filterable 0.0033 0.0048 0.0049 0.0043

PM Emission Rate, ERM2, (lb/hr based on measured volumetric flow rate):

  Filterable: 0.18 0.29 0.29 0.25

Isokinetic Variance (I) 103.5 103.3 103.4 103.4

Opacity (maximum 6-Min average) (%): 0.0 0.0 0.0 0.0

Stack

PARTICULATE TEST RESULTS SUMMARY

Measured Volumetric Flow Rate

Elkhart Brass

Elkhart, IN

Melt 2
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Company:

Plant:

Unit:

Location:

Test Run Number 1 2 3 Average

Source Condition Normal Normal Normal

Date 5/11/2016 5/11/2016 5/11/2016

Start Time 7:20 11:30 14:40

End Time 10:30 13:40 16:55

Sample Duration (min): 120.0 120.0 120.0

Average Gas Temp, Ts, (
oF): 74.8 78.8 82.5 78.7

Fractional Gas Moisture Content, Bws: 0.016 0.014 0.013 0.014

Gas CO2 Content (%vol): 0.0 0.0 0.0 0.0

Gas O2 Content (%vol): 20.9 20.9 20.9 20.9

Gas Wet MW, Ms, (lb/lbmole-mole): 28.67 28.68 28.69 28.68

Average Gas Velocty, Vs, (ft/sec): 29.78 30.18 30.12 30.02

 Q (actual ft3/min): 8,770 8,888 8,870 8,843

 Qstd (std ft3/min): 8,439 8,497 8,422 8,452

 Qstd(dry) (dry std ft3/min): 8,308 8,374 8,311 8,331

Sample Volume, Vm(std), (dry std ft3): 80.327 80.998 80.244 80.523

PM Collected, mn, (mg):

  Filterable 28.70 30.70 34.80 31.40

PM Concentration, Cs, (gr/dscf):

  Filterable 0.0055 0.0058 0.0067 0.0060

PM Emission Rate, ERM2, (lb/hr based on measured volumetric flow rate):

  Filterable: 0.39 0.42 0.48 0.43

Isokinetic Variance (I) 101.0 101.1 100.9 101.0

Opacity (maximum 6-Min average) (%): 0.0 0.0 0.0 0.0

Stack

PARTICULATE TEST RESULTS SUMMARY

Measured Volumetric Flow Rate

Elkhart Brass

Elkhart, IN

Tap Hood
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Company:

Plant:

Unit:

Location:

Run No: 1 2 3 Average

Date: 5/11/16 5/11/16 5/11/16

Start Time: 7:20 11:30 14:40

End Time: 10:30 13:40 16:55

Run Duration (min): 120.0 120.0 120.0

 CO2 (% vol) 0.0 0.0 0.0 0.0

 O2 (% vol) 20.9 20.9 20.9 20.9

 Fractional Moisture Content: 0.014 0.016 0.019 0.016

 (dry std ft3): 81.006 81.834 80.266 81.035

 Qstd (std ft3/min): 6,063 6,086 5,982 6,044         

 Qstd(dry) (dry std ft3/min): 5,977 5,989 5,867 5,944         

Lead:  2924.8 2414.8 1344.8 2228.1 ADL

Lead:  7.96E-08 6.51E-08 3.69E-08 6.05E-08 ADL

Lead:  0.029 0.023 0.013 0.022 ADL

Isokinetic Variation (%):

Sample Volume (VmStd)

Measured Volumetric Flow Rate

Net Mass Collected (µg)

Metals Concentration (lb/dscf)

Metals Emission Rate (lb/hr)

ADL - all analytical values used to calculate and report an in-stack emissions value are greater than the 
laboratory's reported detection level(s)

98.9

Method 12 Lead Test Results Summary

99.7 99.8

Elkhart Brass

Elkhart, IN

Melt 1

Stack

99.5

Fixed Gas Content:
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Company:

Plant:

Unit:

Location:

Run No: 1 2 3 Average

Date: 5/11/16 5/11/16 5/11/16

Start Time: 7:20 11:30 14:40

End Time: 10:30 13:40 16:55

Run Duration (min): 120.0 120.0 120.0

 CO2 (% vol) 0.0 0.0 0.0 0.0

 O2 (% vol) 20.9 20.9 20.9 20.9

 Fractional Moisture Content: 0.018 0.019 0.019 0.018

 (dry std ft3): 92.580 93.275 94.531 93.462

 Qstd (std ft3/min): 6,927 6,924 7,007 6,953         

 Qstd(dry) (dry std ft3/min): 6,805 6,792 6,877 6,825         

Lead:  1314.8 1984.8 1454.8 1584.8 ADL

Lead:  3.13E-08 4.69E-08 3.39E-08 3.74E-08 ADL

Lead:  0.0128 0.0191 0.0140 0.0153 ADL

Isokinetic Variation (%):

Method 12 Lead Test Results Summary

98.9 99.0

Elkhart Brass

Elkhart, IN

Melt 2

Stack

98.6

Fixed Gas Content:

Sample Volume (VmStd)

Measured Volumetric Flow Rate

Net Mass Collected (µg)

Metals Concentration (lb/dscf)

Metals Emission Rate (lb/hr)

ADL - all analytical values used to calculate and report an in-stack emissions value are greater than the 
laboratory's reported detection level(s)

97.9
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Company:

Plant:

Unit:

Location:

Run No: 1 2 3 Average

Date: 5/11/16 5/11/16 5/11/16

Start Time: 7:20 11:30 14:40

End Time: 10:30 13:40 16:55

Run Duration (min): 120.0 120.0 120.0

 CO2 (% vol) 0.0 0.0 0.0 0.0

 O2 (% vol) 20.9 20.9 20.9 20.9

 Fractional Moisture Content: 0.017 0.019 0.019 0.018

 (dry std ft3): 83.905 84.219 83.040 83.721

 Qstd (std ft3/min): 8,672 8,727 8,606 8,668         

 Qstd(dry) (dry std ft3/min): 8,526 8,562 8,443 8,510         

Lead:  1944.8 1434.8 1114.8 1498.1 ADL

Lead:  5.11E-08 3.76E-08 2.96E-08 3.94E-08 ADL

Lead:  0.0261 0.0193 0.0150 0.0201 ADL

Isokinetic Variation (%):

Method 12 Lead Test Results Summary

99.8 99.8

Elkhart Brass

Elkhart, IN

Tap Hood

Stack

99.8

Fixed Gas Content:

Sample Volume (VmStd)

Measured Volumetric Flow Rate

Net Mass Collected (µg)

Metals Concentration (lb/dscf)

Metals Emission Rate (lb/hr)

ADL - all analytical values used to calculate and report an in-stack emissions value are greater than the 
laboratory's reported detection level(s)

99.8
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AETB and QI Information Summary 

Facility Name:     Elkhart Brass 

Location:     Induction Melt Furnaces (EU29, EU30, EU31) 

Test Date:     May 11, 2016 

Test Parameters:  Methods 1, 2, 3, 5   Methods 1, 2, 3, 5   Methods 1, 2, 3, 5  

QI Last Name:  Coleman  Cacao  Harris 

QI First Name:  Paul  Ben  William 

QI Middle Initial:  F.  ‐‐‐  ‐‐‐ 

AETB Name: 
TRC Environmental 

Corporation 
TRC Environmental 

Corporation 
TRC Environmental 

Corporation 

AETB Phone No:  312‐533‐2023  630‐280‐9068  919‐985‐1332 

AETB Email:  pcoleman@trcsolutions.com bcacao@trcsolutions.com  wharris@trcsolutions.com 

Group 1 Exam Date:  1‐23‐13  2‐27‐2015  3‐10‐2016 

Provider Name:  Source Evaluation Society  Source Evaluation Society  Source Evaluation Society 

Provider Email:  qstiprogram@gmail.com.  qstiprogram@gmail.com.  qstiprogram@gmail.com. 

     

Test Parameters:  Methods 1, 2, 3, 5, and 12   Methods 1, 2, 3, 5, and 12 

QI Last Name:  Lewis  Rock 

QI First Name:  Gavin  Gregory 

QI Middle Initial:  ‐‐‐  J. 

AETB Name: 
TRC Environmental 

Corporation 
TRC Environmental 

Corporation 

AETB Phone No:  219‐613‐0163  262‐960‐3379 

AETB Email:  glewis@trcsolutions.com  grock@trcsolutions.com 

Group 1 Exam Date:  1‐3‐2013  12‐21‐2012 

Provider Name:  Source Evaluation Society  Source Evaluation Society 

Provider Email:  qstiprogram@gmail.com.  qstiprogram@gmail.com. 

Group 4 Exam Date:  10‐28‐2011  1‐12‐2016 

Provider Name:  Source Evaluation Society  Source Evaluation Society 

Provider Email:  qstiprogram@gmail.com.  qstiprogram@gmail.com. 
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1.0 INTRODUCTION 

On September 17, 2015 Elkhart Brass Manufacturing Company, Inc. (Elkhart Brass) received a Request 
to Provide Information Pursuant to the Clean Air Act (Request) from the United States Environmental 
Protection Agency Region 5 (USEPA).  In response to Appendix B of that request, TRC Environmental 
Corporation (TRC) will perform for Elkhart Brass an emission compliance test program to determine 
filterable Particulate Matter (PM), Lead (Pb) and Visible Emissions (VE) on the exhaust stacks associated 
with  the  Induction Melt Furnaces  (EU29, EU30, and EU31).   Testing will occur at  the Elkhart Brass 
foundry in Elkhart, Indiana. This program will be completed in accordance with the methods and at the 
source sampling locations listed below. All required analyses, including any quality assurance samples, 
will be completed. 
 

1.1 Project Contact Information 
 

Location  Address  Contact 

Test Facility  Elkhart Brass Manufacturing Company, Inc.
Elkhart Foundry  
1302 West Beardsley Ave. 
Elkhart, Indiana 46514  

Mr. Dennis Grenier 
Foundry Manager 
574‐970‐7666 (phone) 
574‐274‐8950 (cell) 
dgrenier@elkhartbrass.com 

Company 
Representatives 

TRC Environmental Corporation
2025 Beltline Ave. SE 
Suite 402 
Grand Rapids, MI 49546 

Mr. Ben Lemley, PE 
Project Engineer 
201‐636‐5885 (phone)  
616‐975‐1098 (fax) 
blemley@trcsolutions.com 

TRC Environmental Corporation
7521 Brush Hill Road 
Burr Ridge, IL 60527 

Mr. Paul Coleman 
Project Manager 
312‐533‐2023 (phone)  
312‐533‐2070 (fax) 
pcoleman@trcsolutions.com 

 

2.0 FACILITY AND PROCESS DESCRIPTION 

Elkhart Brass operates a brass and aluminum firefighting equipment manufacturing source located at 
1302 West Beardsley Avenue, Elkhart, Indiana.  The source operates under Significant Permit Revision 
No. M039‐30851‐00072 to Minor Source Operating Permit (MSOP) No. 039‐22655‐0072 issued by the 
Indiana Department  of  Environmental Management  (IDEM)  on  January  4,  2012.    Elkhart  plans  to 
conduct lead, filterable particulate matter and opacity testing simultaneously on the three (3) exhaust 
stacks associated with the three Induction Melt Furnaces (EU29, EU30, and EU31). 
 

2.1 PROCESS DATA 
 
Appendix B of the Request states that testing should be conducted while operating the melt furnaces 
at maximum production rates identified as a minimum of 95% of the capacity of the unit.  Per Section 
D.4(e) of the MSOP Elkhart  is permitted to operate three  induction melt furnaces (EU29, EU30, and 
EU31) with a capacity of 2.25 tons per hour each.  However, Elkhart generally operates only two of the 
furnaces  at  any  one  time  due  to  limited  electrical  availability.    Further,  the maximum  operating 
capability of the furnaces as currently installed, accounting for use of the alloy with the worst case lead 
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content, is estimated to be 1.5 tons per hour.  During the test Elkhart plans to operate the melt and 
mold lines such that the furnaces will not be idle at any point and molds will be available to be poured 
at all times.  Elkhart has not attempted to operate the process in this fashion before but are doing so 
to provide  a worst  case operating  scenario.    Therefore, during  the  testing period  Elkhart plans  to 
operate  two  furnaces at or near  this 1.5  tons per hour maximum  rate and  leave  the  third  furnace 
idle.  This configuration and melt composition will result in the maximum combined production rate 
for the melt operation of near 3.0 tons per hour. 
 
Note that the maximum of 1.5 tons per hour per furnace is specific to melting operations including the 
maximum lead alloy usage.  Elkhart may be capable of operating at a greater metal throughput while 
utilizing  an  alloy with different properties  than  the proposed  alloy.   However,  as discussed below 
Elkhart has selected the proposed alloy to demonstrate a worst case lead emissions condition for the 
test. 
 
Elkhart plans  to use alloy C83600 during  the  testing.    In  the  last 12 months  this  ingot was used  to 
produce the highest  lead emission rates due to both the number of castings produced and the  lead 
content of the alloy.  The specifications of C83600 are included in the Appendix.  
 
The following process operation data will be collected: 
 
                ‐ process time and mass of brass and aluminum charged 
                ‐ brass lead content 
 
 

3.0 TEST REQUIREMENTS 

The table below presents the test methods, as well as the number and duration of each at each test 
location: 

 

Unit ID/ 
Sample Location 

Emission Point 
Parameter 
Measured 

Test Method 
No. of 
Runs 

Run 
Duration 
(min) 

Induction Melt 
Furnaces   

(EU29, EU30, 
and EU31) 

Melt 1 Stack, 
Melt 2 Stack, 

Tap Hood Stack 
(sampled 

simultaneously) 

Filerable 
PM 

USEPA 1, 2, 3, and 5, 
40CFR60, Appendix A 

3  120 

Lead (Pb)  USEPA 12, 40CFR60, 
Appendix A 

3  120 

Visible 
Emissions 

USEPA 9, 40CFR60, 
Appendix A 

3  60 

 

4.0 SPECIFIC TEST PROCEDURES 

Detailed test procedures are described in Section 8 of this protocol. Three complete test runs will be 
performed for each constituent in accordance with the following USEPA methods. 
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1. Volumetric  flow  will  be  determined  utilizing  USEPA  Methods  1  and  2,  40CFR60  in 
conjunction with each emission test run. The location of the ports in relation to upstream 
and downstream disturbances will be measured and recorded. 

2. A check for the presence or absence of cyclonic flow will be performed in accordance with 
Section 11.4 of Method 1 and recorded on the data sheet appended. 

3. O2 and CO2 content of the stack gas will be determined by USEPA Method 3, 40CFR60 
during each test run. 

4. Filterable particulate emission test runs will be completed in accordance with USEPA 5, 
40CFR60. Each test run will be a minimum of 120 minutes  in  length, during which the 
volume sampled will be a minimum of 60 DSCF. A glass or stainless steel‐lined probe will 
be utilized.   

5. Opacity  tests  will  be  completed  in  accordance  with  USEPA  Method  9  during  each 
particulate test run.  

6. Lead  concentrations  will  be  determined  in  accordance  with  the  USEPA Method  12, 
40CFR60.  Each  test  run will be  a minimum of  120 minutes  in  length, during which  a 
minimum of 60 DSCF will be sampled.  A glass‐lined probe will be utilized. A  lead audit 
sample will also be procured and analyzed.  

5.0 TEST PROGRAM SCHEDULE 

Date  Task  On‐Site Hours 

May 9, 2016  Crew travels to Elkhart.  ‐‐‐ 

May 10, 2016 
Crew sets up all  three  (3) sampling  locations  to perform 
both PM and Pb sampling simultaneously at each of  the 
stacks. 

8 

May 11, 2016 
Perform PM, VE and Pb sampling on all three (3) sources 
simultaneously. Pack equipment if time allows. 

11 

May 12, 2016  Pack equipment, if necessary. Return travel to TRC office  4 

 

All test days are considered consecutive 8‐hour weekdays, generally scheduled between the hours of 
8:00 a.m. and 4:30 p.m., unless otherwise stated. 
 

6.0 PROJECT PERSONNEL AND RESPONSIBILITIES 

1  Field Team Leader: 
Coordinates all test activities. Maintains communications between all test participants and 
plant personnel. 

9  Technical Support: 
Prepares and operates the  test  train. Ensures all  field calculations are completed. Records 
data. Assists in sample recovery as required. 
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7.0 PLANT REQUIREMENTS 

TRC must be supplied with the following items in order to complete this test program: 
 

1. Safe access to test positions. 
2. Electrical power 110 V, 30 A, 60 cycle service at the test locations. 
3. Six‐inch test ports cleaned and loose prior to arrival of test crew. 
4. Any scaffolding or aerial man‐lifts required to reach the test  locations. Scaffolding 

shall be erected by a qualified person and must meet minimum OSHA standards as 
listed in 29 CFR 1926.451. 

5. Sufficient lighting at the test site. 
6. Elevators safety checked and certified in good operation. 
7. Hoist equipment, if required. 
8. Plant or pollution control equipment operating data, in the format required by the 

applicable regulatory agency, for inclusion in the report. 
9. Washroom facilities for use by members of the test crew. 
10. A shelter at the test location, if weather conditions warrant. 
11. Stable operations and the required load or production rate during the test period. 
12. Communication between the test location and the control room. 
13. Parking location to place TRC mobile trailer within 200 feet of sampling locations with 

access to multiple 110 V, 20 A, 60 cycle and one (1) 480 V, 50 A, 60 cycle circuit. 
14. Proper disposal of any hazardous waste resulting from test methods being performed 

on‐site. 
 

8.0 TEST PROCEDURES 

All testing, sampling, analytical, and calibration procedures used for this test program will be performed 
in accordance with the methods presented  in the  following sections. Where applicable, the Quality 
Assurance Handbook  for Air Pollution Measurement Systems, Volume  III, Stationary Source Specific 
Methods, USEPA 600/R‐94/038c, September 1994 is used to supplement procedures. 
 

8.1 Determination of Sample Point Locations by USEPA Method 1 
This method is applicable to gas streams flowing in ducts, stacks, and flues. It is designed to aid in the 
representative measurement of pollutant emissions and/or total volumetric flow rates from stationary 
sources. In order to qualify as an acceptable sample location, it must be located at a position at least 
two stack or duct equivalent diameters downstream and a half equivalent diameter upstream from any 
flow disturbance. The location of the ports in relation to upstream and downstream disturbances will 
be measured and recorded 
 
The cross‐section of the measurement site is divided into a number of equal areas, and the traverse 
points are then located in the center of these areas. The minimum number of points are determined 
from Figure 1‐1 (particulate) of USEPA Method 1.  
 
Prior to performing volumetric flow traverses, a check for the presence or absence of cyclonic flow will 
be performed in accordance with Section 11.4 of Method 1 and recorded on the data sheet enclosed. 
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8.2 Volumetric Flow Rate Determination by USEPA Method 2 
This method is applicable for the determination of the average velocity and the volumetric flow rate of 
a gas stream. 
 

The gas velocity head (P) and temperature is measured at traverse points defined by USEPA Method 
1. The velocity head is measured with a Type S (Stausscheibe or reverse type) pitot tube and oil‐filled 
manometer; the gas temperature is measured with a Type K thermocouple. The average gas velocity 
in the flue is calculated based on: the gas density (as determined by USEPA Methods 3 and 4), the flue 
gas pressure, the average of the square roots of the velocity heads at each traverse point, and the 
average flue gas temperature. 
 

8.3 CO2 and O2 Determination by USEPA Method 3 
This method is applicable for the determination of CO2 and O2 concentrations and dry molecular weight 
of a sample from an effluent gas stream of a fossil‐fuel combustion process or other process. 
 
A gas sample is extracted from each stack by single‐point grab sampling, and analyzed for percent CO2 
and percent O2 using a Fyrite gas analyzer. 
 

8.4 Filterable PM Determination by USEPA Method 5 
This method is applicable for the determination of particulate matter (PM) emissions from stationary 
sources.  USEPA Methods  2‐4  are  performed  concurrently with,  and  as  an  integral  part,  of  these 
determinations. 
 
Flue gas is withdrawn isokinetically from the source at traverse points determined per USEPA Method 
1, and PM is collected in the nozzle, probe liner, and on a glass fiber filter. The probe liner and filter are 
maintained at a temperature of 120 ± 14°C (248 ± 25°F) or such other temperature as specified by an 
applicable subpart of the standards, or as approved by the Administrator for a particular application. 
The PM mass, which  includes any material that condenses at or above the filtration temperature,  is 
determined gravimetrically after the removal of uncombined water. 
 

8.5 Visible Emissions Determination by USEPA Method 9 
This method  is applicable for the determination of the opacity of emissions from stationary sources 
pursuant to § 60.11(b) and for visually determining opacity of emissions. 
 
Opacity observations are made by a qualified observer. Observations are made at the point of greatest 
opacity  in the portion of the plume where condensed water vapor  is not present. Observations are 
made at 15‐second intervals for the duration of the test period. 
 

8.6 Lead Determination by USEPA Method 12 
This method  is  applicable  for  the  determination  of  inorganic  lead  (Pb)  emissions  from  stationary 
sources,  only  as  specified  in  an  applicable  subpart  of  the  regulations.  USEPA  Methods  2‐4  are 
performed concurrently with, and as an integral part of, these determinations. 
 
Flue gas is withdrawn isokinetically from the source at traverse points determined per USEPA Method 
1.  Particle‐bound  and  gaseous  Pb  are  collected  in  the  nozzle,  probe  liner,  filter,  and  impingers 
containing a solution of dilute nitric acid. The probe liner and filter are maintained at a temperature of 
120  ±  14°C  (248  ±  25°F),  or  such  other  temperature  as  specified  by  an  applicable  subpart  of  the 
standards or approved by  the Administrator  for a particular application. The collected  samples are 
digested and analyzed via atomic absorption spectrophotometry using an air/acetylene flame. 
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9.0 QUALITY ASSURANCE PROCEDURES 

TRC  integrates our Quality Management System  (QMS)  into every aspect of our testing service. We 
follow the procedures specified in current published versions of the test Method(s) referenced in this 
report. Any modifications or deviations are specifically identified in the body of the report. We routinely 
participate in independent, third party audits of our activities and maintain:  
 
∙  Louisiana Environmental Lab Accreditation Program (LELAP) accreditation;  
∙  Accreditation  from  the  Stack  Testing  Accreditation  Council  (STAC)  and  the  American 
  Association  for  Laboratory  Accreditation  (A2LA)  that  our  operations  conform  with  the 
  requirements of ASTM D 7036 as an Air Emission Testing Body (AETB). 
 
These  accreditations  demonstrate  that  our  systems  for  training,  equipment  maintenance  and 
calibration, document control and project management will  fully ensure  that project objectives are 
achieved in a timely and efficient manner with a strict commitment to quality.  
 
All calibrations are performed  in accordance with the test Method(s)  identified  in this protocol.  If a 
method allows for more than one calibration approach, or if approved alternatives are available, the 
calibration  documentation  in  the  appendices  specifies which  approach  is  used.  All measurement 
devices are calibrated or verified at set intervals against standards traceable to the National Institute 
of Standards and Technology (NIST). NIST traceability information is available upon request. 
 
Raw data is kept on file at the TRC office performing the sampling. All samples from the test program 
are retained for 60 days after the submittal of the report, after which they are discarded unless TRC is 
advised otherwise. 
 
Calculations are performed on  the computer. An explanation of  the nomenclature and calculations 
along with the complete test results are appended. Also to be appended are calibration data and copies 
of the raw field data sheets. 
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Project #: Duct Diameter: 28 inches 2.33 feet
Company: # of Ports Used: 2
Plant: # of Points/Diameter: 12
Unit ID: Sample Plane: Horizontal
Sample Location: Port Type: Nipple

Port Length: 3.0 inches
Distance A: 2.33 Feet, 1.00 Duct diameters Port Inside Diameter: 6.0 inches
Distance B: 4.67 Feet, 2.00 Duct diameters

Point
% of 

diameter

1 2.1 1.0 *
2 6.7 1.9
3 11.8 3.3
4 17.7 5.0
5 25.0 7.0
6 35.6 10.0
7 64.4 18.0
8 75.0 21.0
9 82.3 23.0

10 88.2 24.7
11 93.3 26.1
12 97.9 27.0 *

Pre-cyclonic flow check conducted? Yes

∆P Ts a ∆P Ts a ∆P Ts a ∆P Ts a

Point # ("H2O) (oF) (o) ("H2O) (oF) (o) ("H2O) (oF) (o) ("H2O) (oF) (o)

1 - - - - - - - - - - - -

2 - - - - - - - - - - - -

3 - - - - - - - - - - - -

4 - - - - - - - - - - - -

5 - - - - - - - - - - - -

6 - - - - - - - - - - - -

7 - - - - - - - - - - - -

8 - - - - - - - - - - - -

9 - - - - - - - - - - - -

10 - - - - - - - - - - - -

11 - - - - - - - - - - - -

12 - - - - - - - - - - - -

Average a: (o) Average Ts: (oF) Average ∆P: ("H2O)
Status: Avg of sqrt ∆P:

* Values have been relocated per EPA M1

Pre-Test Cyclonic Flow Check Data

30.0

13.0

24.0
21.0

Port: Port: Port: Port:

26.0

29.1
27.7

10.0

Melt 1 Stack

Sample Location Information for Isokinetic Sampling - Round Ducts

Traverse Point Locations

253282
Elkhart Brass
Elkhart, IN
EU29, EU30, EU31

Meets Method 1 criteria

Inches from port 
edge
4.0
4.9
6.3
8.0

Inches from wall

© 2015 TRC Environmental Corp. 
AM-EMT-15 Rev. 35.1

7/20/2015 

TRC Report Number 253282A 242 of 273



Project #: Duct Diameter: 28 inches 2.33 feet
Company: # of Ports Used: 2
Plant: # of Points/Diameter: 12
Unit ID: Sample Plane: Horizontal
Sample Location: Port Type: Nipple

Port Length: 3.0 inches
Distance A: 2.33 Feet, 1.00 Duct diameters Port Inside Diameter: 6.0 inches
Distance B: 4.67 Feet, 2.00 Duct diameters

Point
% of 

diameter

1 2.1 1.0 *
2 6.7 1.9
3 11.8 3.3
4 17.7 5.0
5 25.0 7.0
6 35.6 10.0
7 64.4 18.0
8 75.0 21.0
9 82.3 23.0

10 88.2 24.7
11 93.3 26.1
12 97.9 27.0 *

Pre-cyclonic flow check conducted? Yes

∆P Ts a ∆P Ts a ∆P Ts a ∆P Ts a

Point # ("H2O) (oF) (o) ("H2O) (oF) (o) ("H2O) (oF) (o) ("H2O) (oF) (o)

1 - - - - - - - - - - - -

2 - - - - - - - - - - - -

3 - - - - - - - - - - - -

4 - - - - - - - - - - - -

5 - - - - - - - - - - - -

6 - - - - - - - - - - - -

7 - - - - - - - - - - - -

8 - - - - - - - - - - - -

9 - - - - - - - - - - - -

10 - - - - - - - - - - - -

11 - - - - - - - - - - - -

12 - - - - - - - - - - - -

Average a: (o) Average Ts: (oF) Average ∆P: ("H2O)
Status: Avg of sqrt ∆P:

* Values have been relocated per EPA M1

Pre-Test Cyclonic Flow Check Data

30.0

13.0

24.0
21.0

Port: Port: Port: Port:

26.0

29.1
27.7

10.0

Melt 2 Stack

Sample Location Information for Isokinetic Sampling - Round Ducts

Traverse Point Locations

253282
Elkhart Brass
Elkhart, IN
EU29, EU30, EU31

Meets Method 1 criteria

Inches from port 
edge
4.0
4.9
6.3
8.0

Inches from wall

© 2015 TRC Environmental Corp. 
AM-EMT-15 Rev. 35.1

7/20/2015 
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Project #: Duct Diameter: 28 inches 2.33 feet
Company: # of Ports Used: 2
Plant: # of Points/Diameter: 12
Unit ID: Sample Plane: Horizontal
Sample Location: Port Type: Nipple

Port Length: 3.0 inches
Distance A: 2.33 Feet, 1.00 Duct diameters Port Inside Diameter: 6.0 inches
Distance B: 4.67 Feet, 2.00 Duct diameters

Point
% of 

diameter

1 2.1 1.0 *
2 6.7 1.9
3 11.8 3.3
4 17.7 5.0
5 25.0 7.0
6 35.6 10.0
7 64.4 18.0
8 75.0 21.0
9 82.3 23.0

10 88.2 24.7
11 93.3 26.1
12 97.9 27.0 *

Pre-cyclonic flow check conducted? Yes

∆P Ts a ∆P Ts a ∆P Ts a ∆P Ts a

Point # ("H2O) (oF) (o) ("H2O) (oF) (o) ("H2O) (oF) (o) ("H2O) (oF) (o)

1 - - - - - - - - - - - -

2 - - - - - - - - - - - -

3 - - - - - - - - - - - -

4 - - - - - - - - - - - -

5 - - - - - - - - - - - -

6 - - - - - - - - - - - -

7 - - - - - - - - - - - -

8 - - - - - - - - - - - -

9 - - - - - - - - - - - -

10 - - - - - - - - - - - -

11 - - - - - - - - - - - -

12 - - - - - - - - - - - -

Average a: (o) Average Ts: (oF) Average ∆P: ("H2O)
Status: Avg of sqrt ∆P:

* Values have been relocated per EPA M1

Pre-Test Cyclonic Flow Check Data

30.0

13.0

24.0
21.0

Port: Port: Port: Port:

26.0

29.1
27.7

10.0

Tap Hood Stack

Sample Location Information for Isokinetic Sampling - Round Ducts

Traverse Point Locations

253282
Elkhart Brass
Elkhart, IN
EU29, EU30, EU31

Meets Method 1 criteria

Inches from port 
edge
4.0
4.9
6.3
8.0

Inches from wall

© 2015 TRC Environmental Corp. 
AM-EMT-15 Rev. 35.1

7/20/2015 
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Gas Analysis for the Determination of Dry Molecular Weight 
 
USEPA Promulgated Method 3 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TRC Report Number 253282A 246 of 273



 

 

 

©2013 TRC Environmental Corp.  TRC-DWG-PTM-005 Rev. 02/06/2013 

 
Determination of Particulate Emissions From Stationary Sources 
 
USEPA Promulgated Method 5 
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Company: FSR#: 

Plant: Test Method(s): 

Unit ID: Test Run #: 1

Location: Test Date(s): 

Console Operator: Unit Operating Mode: 

Duct Shape/Area: / ft2

Fuel Type: 

Fd Factor: dscf/MMBtu

Fc Factor: scf/MMBtu

Fuel heat content: Btu /

Process/fuel flow rate: / hr

Soot blown? 

 Nozzle Diameter: in Duration: min

Sample collection time Tare wt. Final wt:

Total # of points:  Imp # Contents (grams) (grams)

Target Sample time/point: min 1

Target run duration: min 2

3

Barometric Pressure (Pbar): in Hg 4

Flue Static Pressure (Pg): in H2O

Flue Pressure (Ps): in Hg

Leak Checks

Pre-Test Train Leak Check: CFM @ "Hg Net:

Pre-Test Pitot Leak Check: (Pass or Fail) Fixed Gas Analysis:

Post-Test Train Leak Rate: CFM @ "Hg CO2: %vol

Post-Test Pitot Leak Check: (Pass or Fail) O2: %vol

(Pass or Fail) N2: %vol

Filter/Thimble ID:

Tare Weight: grams

Description of Filter and Front Half Rinses: Description of Impinger liquid:

General Comments:

Pump/Orifice Leak Check:

Isokinetic Test Support Data

  Orifice DH@i:

Console ID:

  Meter Y:

Pitot Tube ID:

  Cal. coefficient (Cp):

Probe Liner Material:

Nozzle Material:

© 2013 TRC Environmental Corp. 
AM-EMT-15 Rev. 31

Revised 06/11/13 
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EMT-15 29
1/24/2013 Alex Miller

FSR#: Unit ID: 
Company: Location: 

Plant: Test Date(s): 

Run 1 Run 2 Run 3 Run 4 Blank
- - - - -
- - - - -
- - - - -
- - - - -
- - - - -

Front-half acetone rinse weight gain (grams):
  Net front-half acetone rinse mass (grams):
   Net front-half PM (grams):

Filterable Particulate Sample Analysis Summary

Front-Half PM
Total filter weight gain (grams):
Front-half acetone rinse volume (ml):

© 2013 TRC Environmental Corp. 
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PARTICULATE TEST RESULTS SUMMARY Page 1 of 1

Company:
Plant:

Unit:
Location:

Test Run Number 1 2 3 4 Average
Source Condition
Date
Start Time
End Time
Sample Duration (min):
Average Gas Temp (oF):
Fractional Gas Moisture Content:
Gas CO2 Content (%vol):

Gas O2 Content (%vol):

Excess Air (%):
Gas Wet MW (lb/lbmole-mole):
Average Gas Vel (ft/sec):

 Q (actual ft3/min):
 Qstd (std ft3/min):

 Qstd(dry) (dry std ft3/min):

Sample Volume (dry std ft3):
Sample Volume (Nm3):
PM Collected (mg):
  Filterable
PM Concentration (gr/dscf):
  Filterable
PM Concentration (gr/dscf corrected to 15% O2):

  Filterable
PM Emission Rate (lb/hr based on measured volumetric flow rate):
  Filterable:
Isokinetic Variance

Measured Volumetric Flow Rate

AM-EMT-15 Rev. 31
Revised 06/11/13© 2013 TRC Environmental Corp. 
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Company: Run:
Plant: Test Date:
Unit:
Test Location:

Where:
  Ts = Temperature of effluent gas (oR)

  Tm = Average dry test meter temperature (oR)

  Dn = Nozzle Diameter (in.)

  DH@I = Orifice pressure drop corresponding to 0.75 cfm meter flow rate (in. H20) 

  Cp = Pitot Tube Coefficient (dimensionless)

  Bws = Effluent gas fractional moisture content (dimensionless)

  Md = Dry molecular weight of exhaust (lb/lb-mole)

  Ms = Molecular weight of exhaust, wet basis (lb/lb-mole)

  Ps = Absolute flue gas pressure ("Hg)

  Pbar = Ambient barometric pressure at sample elevation ("Hg)

Dn = in. Ps = in. Hg abs.
DH@I = in. Hg Ms = lb/lb-mole

Cp = (dimensionless) Ts = 
oF

Md = 28.00 lb/lb-mole Pbar = in. Hg
Tm = 460 oR

Bws =
(dimensionless)

X = 

Md = 0.44 x (%CO2)  +  0.32 x (%O2)  +  0.28 x %N2

Where:
  Md = Effluent gas molecular weight (lb/lb-mole, dry basis)
  %CO2 = Effluent gas Carbon Dioxide Content (% volume, dry basis)

  %O2 = Effluent gas Oxygen Content (% volume, dry basis)

  %N2 = Effluent gas Nitrogen Dioxide Content (% volume, dry basis)

%CO2 = %vol dry %N2 = %vol dry

%O2 = %vol dry

Md = lb/lb-mole

Dry Molecular Weight

X-Factor Isokinetic Correction Factor (based on pre-test data

AM-EMT-15 Rev. 31
Revised 06/11/13 © 2013 TRC Environmental Corp. 
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Company: Run:
Plant: Test Date:
Unit:
Test Location:

Ms = Md x (1-Bws ) + (18.0 x Bws )
Where:
  Ms = Effluent gas molecular weight (lb/lb-mole, wet basis)
  Bws  = Effluent gas fractional moisture content (dimensionless)

Md = lb/lb-mole Bws  =

Ms = lb/lb-mole

Ps = Pbar  + (Pf/13.6)

Where:
  Ps = flue gas pressure ("Hg)

  Pbar = Ambient barometric pressure at sample elevation ("Hg)

  Pg = Flue gas gauge pressure ("H2O)

Pbar = "Hg Pg = "H2O

Ps = 0.00 "Hg

n

Tm = Σ (Tmini + Tmouti)/2
I=1

n
Where:
  Tm = Average dry test meter temperature (oR)

  Tmin = Temperature of gas entering dry test meter (oR)

  Tmout = Temperature of gas leaving dry test meter (oR)

Avg Tmin =
oR Avg Tmout =

oR

Tm =
oR

Effluent Gas Pressure

Average Meter Temperature

Wet Molecular Weight

AM-EMT-15 Rev. 31
Revised 06/11/13 © 2013 TRC Environmental Corp. 
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Company: Run:
Plant: Test Date:
Unit:
Test Location:

0

DHi = X x DPi x (Tmi/Tsi)

Where:
  DH = Pressure drop across calibrated orifice ("H2O)

  DP = Pressure drop across pitot ("H2O)

  Ts = Temperature of effluent gas (oR)

X = DPi = "H2O

Tmi =
oR Tsi  = 460.0

oR

DHi = "H2O

Vm(std) = (Tstd/29.92) x Y x Vm x (Pbar +DH/13.6)/Tm

Where:
  Vm(std) = Sample volume collected corrected to 29.92 in. Hg and (°R) (ft3, dry basis)

  Y = Dry test meter calibration coefficient (dimensionless)
  Vm =   Vm = Sample volume collected at actual conditions (ft3, dry basis)
Tstd = Standard Temperature (°R)

Y = Vm = cf
Pbar = "Hg DH = "H2O
Tm =

oR Tstd =
oR

Vm(std) = dscf

Vwc(std) = 0.04715 x MH2O

Where:
  Vwc(std) = Volume of water vapor collected at 29.92"Hg and 528oR (ft3)

  MH2O = Net weight gain of impingers (grams)

MH2O = grams

Vw(std) = wscf

Bws  =

Vwc(std) = dscf Vm(std) = wscf

Bws  =

Vwc(std)

Vwc(std) + Vm(std)

DH at Sample Point - Example Point 

Sample Volume at Standard Conditions

Volume of Water Vapor Condensed

Moisture Content

AM-EMT-15 Rev. 31
Revised 06/11/13 © 2013 TRC Environmental Corp. 
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Company: Run:
Plant: Test Date:
Unit:
Test Location:

Vs = 85.49 x Cp x Sqrt DP (avg) x (Ts/(Ps x Ms))1/2

Where:
  Vs = Average velocity of effluent gas (ft/sec)

  Cp = Pitot calibration coefficient (dimensionless)

  Sqrt DP (avg) = Average of the square roots of DP's at all traverse points

Cp = Sqrt DP (avg) = 

Ts = 
oR Ps = "Hg

Ms = lb/lb-mole

Vs = ft/sec

Q = Vs x A x 60

Where:
  Q = Effluent gas volumetric flow rate at actual conditions (ft3/min)
  A = Cross-sectional area of duct at sample location (ft2)

Vs = ft/sec A = ft2

Q = cfm

Qstd = 528 x Q x Ps

Ts x 29.92

Where:
  Qstd = Effluent gas volumetric flow rate corrected to 29.92"Hg and 528oR (ft3/min)

Q = cfm Ps = "Hg
Ts = oR

Qstd = scfm

Average Duct Velocity

Method 2 Volumetric Flow Rate (Actual Basis)

Method 2 Volumetric Flow Rate (Standard Basis)

AM-EMT-15 Rev. 31
Revised 06/11/13 © 2013 TRC Environmental Corp. 
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Company: Run:
Plant: Test Date:
Unit:
Test Location:

Qstd(dry) = Qstd x (1-Bws )

Where:
  Qstd(dry) = Effluent gas volumetric flow rate corrected to 29.92"Hg and 528oR (ft3/min, dry basis)

Qstd = scfm Bws  = 0.000

Qstd(dry) = dscfm

Qcfc = 

Where:
  Qcfc =Calculated effluent gas volumetric flow corrected to 29.92"Hg and 528oR (ft3/min, dry basis)

  Fd = Dry basis, oxygen-based fuel factor (dry standard ft3/MMBtu)

  GHV = Gross Heating Value of fuel (Btu/unit mass or volume)
  FCR = Fuel consumption rate (mass or volume/hr)

Fd = 0 dscf/MMBtu GHV = 0 Btu/
FCR = 0 /min %O2 = 0 %vol dry

Qcfc = -                dscf/hr

I =

Where:
  I = Percent of isokinetic sampling (dimensionless)

Ts = oR Vm(std) = dscf
Vs  = ft/sec θ = min
Ps = "Hg An = ft2 Bws = 0.000

I = %

  θ = Total sample collection time (min)
  An = Cross-sectional area of nozzle (ft2)

Method 2 Volumetric Flow Rate (Standard Dry Basis)

Volumetric Flow Rate Calculated Based on Fuel Consumption (Standard Dry Basis)

0.0945 x Ts x Vm(std)

Vs x θ x An x Ps x (1-Bws )

Isokinetic Variation:

Fd x GHV x FCR x 20.9

1000000 x (20.9 - %O2)

AM-EMT-15 Rev. 31
Revised 06/11/13 © 2013 TRC Environmental Corp. 

TRC Report Number 253282A 257 of 273



METHOD 9 REDUCED FIELD DATA
PROJECT NUMBER:

Test Date: Start Time:
Facility: End Time:
Location:
Process:

Test Results:
Maximum 6 Minute Average: 0.0 %
Average Opacity: 0.0 %
Maximum Opacity: 0.0 %
Minimum Opacity: 0.0 %
# of Readings >20%: 0
Number of Readings: 240

Interval 0 15 30 45 Interval 0 15 30 45
1 31
2 32
3 33
4 34
5 35
6 36
7 37
8 38
9 39

10 40
11 41
12 42
13 43
14 44
15 45
16 46
17 47
18 48
19 49
20 50
21 51
22 52
23 53
24 54
25 55
26 56
27 57
28 58
29 59
30 60

© 2013 TRC Environmental Corp. AM-EMT-24 Rev 3_05/31/13
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Sheet ______ of ______ 
 

VISIBLE EMISSION EVALUATION 
 

Facility:  ____________________________ Date:  
___________________________________ Observer:  
___________________________________   
___________________________________ Observation Began:  
___________________________________ Ended:  

 

Observation Point:  0 15 30 45 XX XX 0 15 30 45  

_______________      0 30      
_______________      1 31      
      2 32      
Distance From Source: ___ ft.      3 33      
Source Height: ____________      4 34      
Color of Emission: _________      5 35      
Background: ______________      6 36      
________________________      7 37      
Sky Condition: ___________      8 38      
________________________      9 39      
Sun Position: _____________      10 40      
Temperature: _____________      11 41      
Wind _______ At ____ MPH      12 42      
Reading Conditions: _______      13 43      
________________________      14 44      
General Comments:      15 45      
________________________      16 46      
________________________      17 47      
________________________      18 48      
________________________      19 49      
________________________      20 50      
________________________      21 51      
________________________      22 52      
      23 53      
________________________      24 54      
________________________      25 55      
________________________      26 56      
________________________      27 57      
Signature:      28 58      
________________________      29 59      
Certification Date: Comments:           

________________________   
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Visible Emissions Wind and Sun Chart 
 
USEPA Method 9 
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Equipment Configuration for Meter Box Calibration  
 
USEPA Promulgated Method 5  
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Analyst:

Date:

Project Number:

Client:

Test Location:

Calibration Tools:

Item ID# S/N Calibration Due Date

Digital Caliper - -

Thermometer - - -

Barometer - - -

Calibration Weight, 100 g - - -

Calibration Weight A, 500 g - - -

Calibration Weight B, 500 g - - -

Type A Angle Finder - -

Plastic/Magnetic Torpedo Level -

Include all of the tools from the field calibration kit that you will be using on 
this project. (See SOP AM-CAL-025 for instructions on re-verification)

-

-

-

-

-
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Analyst:

Date:

Project Number:

Client:

Test Location:

 (See SOP AM-CAL-005 for instructions)

Procedure 1: Calibrate thermocouple against a reference thermometer.

Procedure 2: Check the response of the thermocouple to a change in temperature.

Measurement T/C Temp, oF

NIST 
Thermometer 

Temp, oF

Difference, oF 
(± 2)

Continuity 
Check

Overall Status

Stack - - - - -

Filter - - - - -

Impinger Exit - - - - -

Meter in - - - - -

Meter Out - - - - -

Probe - - - - -

Other - - - - -

Other - - - - -

Notes:

Console/Meter Box ID #

Test Location/Measurement Point Info:

-

-

Probe ID# -

NIST Thermometer ID # -

After each test run series, check the accuracy (and, hence, the calibration) of each thermocouple 
system at ambient temperature, or any other temperature, within the range specified by the 
manufacture, using a reference thermometer (either NIST reference )

Check the "continuity" of the thermocouple by subjecting it to a change in temperature (e.g., 
removing it from the stack or touching an ice cube). This step will also check for loose 
connections and reversed connections.

-

-

-

-

Pre Test Thermocouple Calibration Checks 

-
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Analyst:

Date:

Project Number:

Client:

Test Location:

 (See SOP AM-CAL-005 for instructions)

Procedure 1: Calibrate thermocouple against a reference thermometer.

Procedure 2: Check the response of the thermocouple to a change in temperature.

Measurement T/C Temp, oF

NIST 
Thermometer 

Temp, oF

Difference, oF 
(± 2)

Continuity 
Check

Overall Status

Stack - - - - -

Filter - - - - -

Impinger Exit - - - - -

Meter in - - - - -

Meter Out - - - - -

Probe - - - - -

Other - - - - -

Other - - - - -

Notes:

NIST Thermometer ID # -

After each test run series, check the accuracy (and, hence, the calibration) of each 
thermocouple system at ambient temperature, or any other temperature, within the range 
specified by the manufacture, using a reference thermometer (either NIST reference )

Check the "continuity" of the thermocouple by subjecting it to a change in temperature (e.g., 
removing it from the stack or touching an ice cube). This step will also check for loose 
connections and reversed connections.

Console/Meter Box ID #

Test Location/Measurement Point Info:

-

-

Probe ID# -

Post Test Thermocouple Calibration Checks 

-

-

-

-

-
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Pitot tube assembly level? yes no

Pitot tube openings damaged? yes (explain below) no

α1 =
o (<10o), α2 =

o (<10o) z = A tan γ = 0.000 (in.); (<0.125 in.)

β1  =
o (<5o), β2 =

o (<5o) w = A tan θ = 0.000 (in.); (<0.03125 in.)

γ =
o ,        θ =

o , A = (in.) PA = 0.000 (in.), PB = 0.000 (in.), Dt* = - (in.)

Comments:

Calibration required? yes no  

    PRE TEST TYPE S PITOT TUBE INSPECTION
(See SOP AM-CAL-006 for Instructions)

Analyst:Date:

Level ID:

Pitot Tube No. :

-

Project Number:

Note: *Dt = Recommended nominal pitot tube diameter of 0.250 (in.) or 0.375 (in.).

Digital Caliper ID: Angle Finder ID: -

- - -

Client: Test Location:- - -

-
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Pitot tube assembly level? yes no

Pitot tube openings damaged? yes (explain below) no

α1 =
o (<10o), α2 =

o (<10o) z = A tan γ = 0.000 (in.); (<0.125 in.)

β1  =
o (<5o), β2  =

o (<5o) w = A tan θ = 0.000 (in.); (<0.03125 in.)

γ =
o ,        θ =

o , A = (in.) PA = 0.000 (in.), PB = 0.000 (in.), Dt* = - (in.)

Comments:

Calibration required? yes no  

-

-

  POST TEST TYPE S PITOT TUBE INSPECTION
(See SOP AM-CAL-006 for Instructions)

Pitot Tube No. :

--

Project Number:

Digital Caliper ID:

- -Client:

Analyst:Date:

Level ID:

Test Location:

Note: *Dt = Recommended nominal pitot tube diameter of 0.250 (in.) or 0.375 (in.).

- - -

Angle Finder ID:
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Analyst:

Date:

Project Number:

Test Location:

EPA Probe Configuration:

(See SOP AM-CAL-006 for Instructions)

Configuration (A, B or NA): NA 

Tube diameter (Dt), Inch:

Distance "W", Inch:

Distance "Z" Inch:

Correct configuration? NA
NA - Temperature sensor not mounted on pitot tube
Configuration A  - W >3 inches, Z> 0.75 inches
Configuration B - W at least 2 inches

Distance "Y" : (inch)

Correct configuration? NA
Y must be at least 3 inches

Distance "X" : 0.1 (inch)
Must be ≥ 0.75 inches

Correct configuration? NA

PITOT TUBE ASSEMBLY INSPECTION

-

-

-

-

A B
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Analyst:

Date:

Project Number:

Client:

Test Location:

(See SOP AM-CAL-009 for instructions)

Type of Scale

Scale ID#

0.5

Individual Weight
Reference 

Weight Serial 
Number

Nominal 
Weight Value

Weight Found Difference Pass

W100 - 100.0

W500A - 500.0

-

-

-

-

600.0

1000.0

Top Loading Field Balance Check 

Combination Weights (Use whichever one 
corresponds to the scale's capacity)

Tolerance = +/-

W100 + W500A

-

-

-

-

-

W500A + W500B

© 2014 TRC Environmental Corp.
AM-EMT-52 Rev. 10

Revised 02/12/14

TRC Report Number 253282A 270 of 273



National Weather Service (NWS) Barometer Reading from Nearby Station or Local Airport

Analyst:

Date:

Project Number:

Client:

Test Location:

Location of NWS Station or Airport Barometer:

: in. Hg (Pbr)

Elevation of NWS Barometer (above Sea Level): feet (A)

Absolute NWS Barometric Pressure: in. Hg (Pbr)

(Station or Absolute Pbr is actual barometer reading at barometer elevation, uncorrected to sea level)

Elevation at Test Location (above Sea Level): feet (B)

Elevation Difference: feet (A-B)

Correction of NWS Barometric Pressure (Pbr) to Test Location

Pbr calc  =  Pbr  +  [0.001  x  (A-B)]

Pbr calc  - + ( 0.001 * - )

Pbr calc  = -

Pbr Calculated (from above): in. Hg

-

-

-

-

-

-

-

-

-

-

-

-
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Analyst:

Date:

Project Number:

Client:

Test Location:

Date:

Add Day? No

Add Day? No

-

-Barometer Pressure After Testing:

Barometric Pressure Determination

-

-

Barometer Serial Number: -

Procedure:  Use a NIST traceable field barometer for all field measurements.  Bring the field 
barometer to the test location and allow 15 minutes for the instrument to stabilize.  Take a 
measurement before and after each series of tests.

-

-

-

-

-

Barometer Serial Number:

Barometer Pressure Prior to Testing:

Average Barometric Pressure:

Average Barometric Pressure:

Date:

Date: -

Barometer Pressure Prior to Testing:

Barometer Pressure After Testing: -

Barometer Pressure After Testing: -

Average Barometric Pressure:

Barometer Serial Number: -

Barometer Pressure Prior to Testing:
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Analyst:
Date:
Project Number:
Client:
Test Location:

Pre Test

1

2

3

Average

Nozzle Calibration

#DIV/0!

Maximum - Minimum ≤ 0.004 inches

(See SOP AM-CAL-007 for Instructions)

N/ANozzle ID No.:

-

-
-
-
-

© 2014 TRC Environmental Corp.
AM-EMT-52 Rev. 10

Revised 02/12/14 

TRC Report Number 253282A 273 of 273


	253282 Appendix.pdf
	DOC060916-001
	DOC060916-002
	DOC060916-003




